Background: Inflammatory bowel disease (IBD) was emerging as a worldwide epidemic disease, and the advanced therapy changed the clinical course and possibly the outcomes. Our previous study reported a higher mortality rate from (IBD) in Taiwan than in Western countries. We proposed to analyze the trend and risk factors of mortality in order to improve the care quality of IBD patients.
Introduction
Inflammatory bowel diseases (IBDs), which comprise ulcerative colitis (UC) and Crohn's disease (CD), are chronic gastrointestinal disorders causing severe complications, such as toxic megacolon, sepsis, and thromboembolism [1] . Mortality from UC was sixfold higher than that from CD in 1951, and these rates have followed a parallel time course since 1975 [2] . Even with advancements in medical and surgical interventions, the mortality rates of IBD are still higher than what was previously understood [3] . A meta-analysis reported that the mortality rate from UC decreased and the survival rate was almost equal to that of the general population [4] , whereas the mortality rate from CD remained high [5] .
IBD can result in direct or indirect mortality. One-fifth of IBD-related are directly related to UC, which is less than a third of deaths caused by CD [6] . Mortality rates may vary geographically; for example, mortality rates are lower in Europe and North America because of the better healthcare system [6] . IBD mortality data from the Asia Pacific region are scant. Our previous study indicated a higher IBD mortality rate in Taiwan than in other Asian and Western countries, especially due to CD, from 1998 to 2008 [7] . For addressing this significant increase in the incidence and prevalence of IBD [7] , we organized the IBD patient association to enhance patient knowledge of IBD symptoms, potential benefits and side effects of treatment since 2009. For physicians, we developed a series of comprehensive, practical education programs and on-line resources to improve the experience of gastroenterologists with management of IBD since 2010.
The primary aim of this study was to examine whether there has been a change in IBD mortality rate in Taiwan following the promotion of IBD-related educational programs since 2009. The secondary aim of the study was to analyze the risk factors of IBD deaths, which will help improve the quality of care for IBD patients.
Methods

Data source
Data were obtained from the Health and Welfare Data Science Center, Ministry of Health and Welfare (HWDC, MOHW). Established in 1995, the National Health Insurance (NHI) system in Taiwan is compulsory for all its residents and covers over 99% of the total population of approximately 23 million people. Since 1997, CD and UC are registered as catastrophic illnesses because of their potential for repetitive admissions and the need for chronic, careful care. Healthcare providers need to provide the patient's clinical history record, endoscopic reports, image and histologic results when applying for the registration. NHI reviewers approve or decline the registration after reviewing the application. Therefore, not all clinical patients with IBD are registered, although most registered patients have confirmed IBD.
This nationwide population-based Taiwanese study of IBD was compiled between January 2001 and December 2015. NHI claims data provide clinical information including prescription, diagnoses, and hospitalizations for population-based epidemiologic research [8] . Under strict confidentiality guidelines and in accordance with personal electronic data protection regulations, the data of the study population were obtained from the HWDC, MOHW data (including Catastrophic Illness Registry and Taiwan Cancer Registry), Department of Statistics of the MOHW, Taiwan. This study was approved by the Institutional Review Board of the National Taiwan University Hospital (IRB Number 201507018 W). No informed consent is required under the Taiwan regulations for registry-based studies involving no contact with the study subjects.
Patient identification
We used the diagnostic code [The International Classification of Diseases (ICD), Ninth and Tenth Revision, Clinical Modification] to retrieve data of the IBD patients (ICD-9 codes of 555 for CD and 556 for UC, other associated ICD codes are mentioned in Table 1 ) from the Catastrophic Illness Registry. For each patient, medical records were collected in the NHI claims database, including clinical diagnosis, as well as outpatient and hospitalization records. Age at IBD registration was defined as when patients were registered owing to catastrophic illnesses based on clinical, endoscopic, radiological, and histological features. Five most frequent comorbidities associated with mortality in Taiwan [hypertension, diabetes mellitus, hyperlipidemia, chronic obstructive pulmonary disease (COPD), and hepatitis] were included in the analysis. Extraintestinal manifestations (EIMs), namely uveitis, erythema nodosum, psoriasis, arthritis, cholangitis, deep venous thrombosis, and pulmonary embolism, were included in the analysis. We defined IBD complications as presence of fistula or abdominal abscess.
Statistical analyses
We described the characteristics of IBD patients, including the year of IBD registered, sex ratio, and age distribution, in this study. Mortality was compared with that in the survival group by using the independent t test and Chi square test. The Cox proportional hazards model was applied to analyze the effect of multiple covariates in predicting mortality in patients with IBD. The adjusted hazard ratio was dependent on each factor of the significant univariate factors in UC and CD patients. The survival of IBD patients was assessed using the Kaplan-Meier life-table method, and the differences were evaluated using the log rank test. To evaluate the trends of mortality rate and the effect of age on mortality, the study was divided into 3 consecutive periods of 5 years (2001) (2002) (2003) (2004) (2005) 2006 -2010, and 2011-2015) and 3 age groups (≤ 39, 40-59, ≥ 60 years). The mortality rate was defined as the number of IBD deaths per 1000 persons per year. Specific mortality rates were calculated as the death rates of the specific group among patients. Standardized mortality ratios (SMRs) were estimated as the observed number of deaths divided by the expected number of deaths, and 95% confidence intervals (CIs) were calculated using Poisson distribution. The standard population was the national population, and the number of expected deaths was calculated on the basis of the number of deaths and number of people in the middle of the year in Taiwan. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). A p value of < 0.05 was considered statistically significant. 
Results
Clinical characteristics
Between 2001 and 2015, a total of 3806 newly diagnosed IBD patients were registered, and their demographic data are summarized in Table 1 . Of the total patients, 919 were diagnosed as having CD and 2887 as having UC. The patients were predominantly men, with CD being significantly more prevalent than UC (p < 0.001). The male-tofemale ratio for CD and UC was 2.2 and 1.6, respectively ( Table 1) . The age at disease onset or registration was higher in UC patients than in CD patients (p < 0.001). The incidence rate of CD and UC peaked at the ages of ≤ 39 and 40-59 years, respectively ( Table 1) .
UC patients had more comorbidities (hypertension and hyperlipidemia) than CD patients. Erythema nodosum and arthritis were the more common EIMs in CD patients. No significant difference was observed with respect to malignancy between the UC and CD groups. Colostomy and explorative laparotomy as surgeries; fistula and abdominal wall abscess as complications; and infection (pneumonia, urinary tract infection, and sepsis)-related hospitalizations occurred more frequently in the CD group (Table 1) , resulting in CD patients having a higher mortality rate than UC patients (10.5% vs. 7.4%; p = 0.003). 
Univariate analysis of risk factors for mortality
Of the 310 patients (8.2%) who died during follow-up, 96 had CD and 214 had UC (Table 2) . Women had excess mortality in CD when the survival and mortality groups were compared (p = 0.038). Because 61.7% UC and 52.1% CD patients died older than 60 years (Table 2) , age was deemed to be a significant factor affecting mortality (p < 0.001 and p < 0.001). The mortality group tended to have received colostomy, exploratory laparotomy, and ileostomy. The rates of comorbidities such as hypertension and diabetes; and infections such as sepsis, pneumonia, and urinary tract infection occurred more frequently in the mortality group. In EIM, cholangitis in UC and deep venous thrombosis in CD were the risk factors of mortality (p = 0.003 and p = 0.019). Deep vein thrombosis and pulmonary embolism (PE) in UC were higher in the mortality group but didn't reach statistical difference. Malignancies such as colorectal cancer, liver cancer and lymphoma were related to the IBD mortality with statistical difference, especially in UC patients. Due to the small cases of lymphoma and pulmonary embolism, the detail was not presented in the Table 2 . Surprisingly, fistula as a disease-related complication seemed to occur more frequently in the survival group of CD (p < 0.001). The mortality group more frequently experienced malignancy.
Multivariate analysis of risk factors for mortality
In the multivariate analysis, pulmonary embolism became a risk factor of mortality in UC. After adjusting the significant univariate factors, the multivariable logistic regression model indicated that mortality in IBD was associated with age, lymphoma, pneumonia and sepsis ( Fig. 1 . The 5-, 10-, and 13-year survival rates of CD patients after registration were 90%, 85%, and 80%, respectively, whereas those of UC patients were 95%, 91%, and 87%, respectively. The survival rate was significantly higher in the UC group than in the CD group from 2001 to 2015 (p < 0.001).
In the age-and gender-stratified specific mortality analysis (Fig. 2) , gender did not affect the mortality rate, although men had a higher mortality rate in the UC group (1.19% vs. 0.92%) and women had a higher mortality rate in the CD group (1.70% vs. 2.70%). When stratified for age, the mortality rates of both UC and CD groups increased with age, with ≥ 60-year-old CD patients having the highest mortality rate of 10.74%.
SMRs of IBD patients
The SMRs for all-cause mortality in CD and UC patients during 2001-2015 were 3.72 (95% CI 3.02-4.55) and 1.44 (95% CI 1.26-1.65), respectively ( Fig. 3) . When stratified for different time periods, the SMRs of CD and UC decreased from 5.46 to 2.80 and from 1.88 to 1.36, respectively, during 2001-2005 and 2011-2015.
Discussion
Our nationwide cohort study demonstrated a significant decrease in CD and UC mortality rates in Taiwan during 2001 to 2015. The mortality rate was however higher in CD patients. The CD group had higher infection and surgery rates, whereas the UC group had more comorbidities. Older age, sepsis and pneumonia were the risk factors for mortality in the multivariate analysis. Surgeries were the significant risk factors in CD, while liver cancer was a risk factor in UC. For decreasing the mortality rates associated with IBD, it is vital to recognize and treat the early clinical warning signs of the disease. Our study will assist clinicians in understanding better the risk factors of mortality in IBD patients.
The disease severity of IBD in Asia seems to be equal to or greater than that in the West [9] . Our study reported a higher mortality rate in CD patients, in accordance with findings from previous studies [10, 11] . With the increase in IBD incidence over the years in Taiwan, physician awareness of the disease has increased, especially through continuous medical education programs for IBD since 2009. A previous study reported an increasing trend in the use of immunosuppressant agents for treating UC over the years in Taiwan: 0% (1998) to 7% (2008) [12] . A population-based study revealed that immunosuppressant therapy could significantly improve IBD survival rates [13] . Biologics have been demonstrated to aid mucosal healing and decrease the incidence of IBD-related complications following surgery [14] . Adalimumab was the first biologic to be reimbursed by the NHI since 2011 for treating CD, followed by more biologics for the treatment of UC and CD since 2016 [15] . Because of budget limitations, the NHI allows the use of biologics only for a limited period; however, in case of clinical relapse, the patient can apply again [15] . A recent study from Taiwan showed that a high accumulated dose of anti-TNF-α agents and corticosteroid is associated with increased risk of operation [16] , which may be because of the severe disease activity and late use of biologics.
A previous study showed that infection-associated mortality was higher in patients with CD than in those with UC [10] . Sepsis and pneumonia were the most common causes of infection-related mortality and abdominal abscesses did not seem to increase the mortality rate [17] ; as observed in our study. It was well recognized the incidence of thromboembolic event (VTE) in IBD patients was lower in Asia than in Western countries [18] . Routine thromboprophylaxis was not a standard practice in Asia, while our study showed pulmonary embolism (PE) played an important risk factor of mortality for UC. Therefore, we suggested to closely monitor the possibility of VTE in the admitted IBD patients. In selective condition, for example, when with more risk factors of PE (surgery, malignancy, hormone change-for example, pregnancy or hormone replacement, thrombophilia, and immobilization) [19] , prophylaxis might be indicated. In this study, a higher rate of comorbidity in the UC group may be attributed to the higher mean age of UC patients than that of CD patients. A population-based Swiss study revealed a high prevalence of concomitant chronic diseases in IBD patients compared to non-IBD patients; 78% of IBD patients had at least one comorbidity, with a median of three comorbidities [20] . In our study, ostomy or exploratory laparotomy was a risk factor for mortality in CD patients. This result may reflect the fact that this surgery was performed in an emergency or for refractory IBD. Ostomy construction is an effective treatment modality for refractory large bowel CD or perianal CD [21] . A systematic review reported that emergent surgery for IBD is associated with higher mortality rates [22] . Postoperative mortality decreased significantly over time for CD patients, but not for UC patients [22, 23] . Optimization of medical treatment, especially perioperative care, is necessary for decreasing ostomy-related mortality.
Fistula is a severe complication of CD, and it is associated with increased morbidity and impairment in healthrelated quality of life [24] . In this study, it appeared that fistula was not a factor of mortality. A literature-based analysis showed that anal fistulas were the most common type of fistula [25] . Simple anal fistulas are associated with a better prognosis and are less likely to require radical surgical procedures than complex fistulas [26] . Perianal disease is more commonly detected in East Asian countries than in Western countries [27] . Since patients with perianal disease might seek and adhere to treatment, this might explain why the presence of fistula did not cause mortality in this study.
Long-standing IBD has an increased risk of developing colorectal cancer (CRC) and CRC is associated with increased mortality [28, 29] . Other cancers, such as lung cancer, biliary tract tumor, and lymphoma, are also related to the mortality on IBD [11, 28, 29] . Colon cancer, lung cancer, and liver tumor are reported to be the top five common cancers in Taiwan, whereas lymphoma shows an increasing trend of incidence [30] . In this study, we found that liver cancer plays a central role in UC mortality, while CRC was not related to mortality in the multivariate analysis. We searched for liver cancer by using the code 155, which included hepatocellular carcinoma and cholangiocarcinoma. Primary sclerosing cholangitis in IBD patients was a well-known risk factor of cholangiocarcinoma, especially in those with UC. Higher cholangitis rate was also observed in mortality group in UC patients. It is reasonable for liver cancer presented with a high hazard ratio of mortality in UC patients. We also observed CD patients had higher hazard ratios of surgery than UC patients, which suggested that CD patients had more severe disease activity and were more likely to receive immunosuppressants and anti-TNF agents that increased their risk of lymphoma. Due to the reimbursement criteria, more CD patients received thiopurine and anti-TNF agents than UC patients in Taiwan during this study period [16] . We did not identify any melanoma or non-melanoma skin cancer in our IBD patients during follow-up because of the rarity of malignant melanoma in Asia. Regarding extraintestinal cancers, surveillance programs for malignancy are needed to closely monitor IBD patients.
One review article that included studies conducted during 1980-2010 demonstrated an SMR of approximately 1.5-fold (range, 0.7-2.2) for CD patients, whereas the SMR for UC patients was similar to that of the general population (range, 0.7-1.7) [6] . IBD mortality and treatment outcomes might have changed with the development of biologics since 1998. In Taiwan, the SMRs for CD and UC were 3.72 and 1.44, respectively, higher than that reported in Korea and other Western countries during the same period [28, 29, 31, 32] . With the introduction of training/online resources in 2010 and the introduction of biologics reimbursement in Taiwan in 2011, the SMRs of CD and UC gradually decreased to 2.80 and 1.36, respectively. Realizing the risk factors of mortality and proper management of complications are important to lower IBD-related mortality, especially in CD.
The strength of this study was the availability of a large, nationwide cohort of individuals with IBD from a country that provides access to healthcare and registration for all its citizens. However, there are limitations in our study. First, elderly people tend to have more comorbidities; therefore, aging itself as the exact cause of death may oversimplify the reality. The exact cause of death is difficult to determine and complex; therefore, our study chose the contributing risk factors of death. Second, only IBD patients who had a certificate for catastrophic illnesses were registered, and those with mild illnesses were excluded. This may have led to an overestimated mortality rate and delayed age of disease onset (registered). Third, detailed clinical data such as phenotype, laboratory results, disease duration, and smoking and family histories were not available for the included patients. Fourth, IBD follow-up periods for biologics use, comorbidities, and malignancies were short, which impeded the analysis of natural course patterns. Nevertheless, our results could be useful in countries with an increasing incidence and prevalence of IBD where physicians are beginning to gain insights into IBD treatment. Education on IBD, as in the pre-biologic era, can help decrease disease-related mortality.
Conclusion
This is the first Taiwanese nationwide database study focusing on the risk factors of IBD mortality. Although CD patients had higher mortality, the mortality rates of both CD and UC were significantly decreased from 2001
